DNA) were first described in 1957 (1, 2 ) . Detection of anti-ds-DNA antibody (ds-DNA-Ab) is an integral part of the definition of systemic lupus erythematosus (SLE) as proposed by the American College of Rheumatology (ACR) criteria (3 ) . Two of 11 criteria set by the ACR are related to anti-nuclear antibody detection (anti-nuclear antibodies; anti-ds-DNA or anti-sm or anti-phospholipid antibodies). Because the diagnosis of SLE is established when 4 of the 11 criteria are fulfilled, the correct identification of antibodies is extremely important. Because ds-DNA-Ab may occur in a wide spectrum of diseases and even in healthy volunteers, diagnostic tests must be highly specific. The Farr RIA is assumed to meet this need best (4, 5 ) . To improve the diagnostic accuracy of ds-DNA-Ab tests, new tests have been developed, including ELISAs with different preparations of ds-DNA antigens as well as an automated enzyme fluoroimmunoassay using plasmid DNA as antigen. However, clinical data to assess the diagnostic accuracy of these recently released test systems are limited at present.
To clarify the clinical usefulness of different ds-DNA-Ab tests in the diagnosis of SLE, we measured ds-DNA-Ab in 152 Caucasian patients for whom analysis of anti-nuclear antibodies was requested between November 1999 and September 2000 in the Laboratory of Immunology at the University of Bonn. To take into account differences in diagnostic standards, the patient records were reevaluated by the study personnel, who used a unified protocol to verify the presence of diagnostic criteria according to the current revision of the ACR (3 ). In 12 of 152 patients, a definite decision on the presence of SLE-associated manifestations could not be made because the records were incomplete. These 12 patients were excluded from further analysis. All study procedures were performed in accordance with the current revision of the Helsinki Declaration of 1975, and the study design was based on the 2000 guidelines for evaluation of diagnostic accuracy as suggested by Bruns et al. (6 ) .
For quantitative determination of anti-nuclear antibodies, the following assays were used: Farr RIA (Amersham; cutoff, 7 kIU/L; interassay CV, 3.8 -11.8%); EliA TM antidsDNA IgG test (Pharmacia Diagnostics; cutoff, 10 -15 kIU/L; CV, 3.9 -4.7%); ds-DNA-ELISA ORG 604 (Orgentec; cutoff, 20 kIU/L; CV, 5.2-12.4%). Serum concentrations of IgG anti-nuclear antibody were measured by an indirect immunofluorescence test (IFT) using Hep-2 cells (The Binding Site). All assays were used according to the manufacturers' instructions following standard laboratory procedures. The laboratory staff were blinded with respect to the clinical presentation of the patients.
To characterize each assay with respect to its diagnostic accuracy, we performed ROC analysis as described elsewhere (7 ) . The widely accepted ACR criteria (3 ) were used as the external criterion standard for the diagnosis of SLE. Because the presence of ds-DNA-Ab is an integral part of the ACR definition, the analysis was repeated three times with the results of the three evaluated ds-DNA-Ab tests taken as the basis for diagnosis. To exclude possible bias attributable to the inclusion of any ds-DNA-Ab test in the previous SLE diagnosis, we repeated the ROC analysis a fourth time. In this analysis, the presence of ds-DNA-Ab was excluded from the SLE criteria and instead three ACR criteria were regarded as sufficient to establish the diagnosis of SLE.
Serum samples from 140 well-characterized patients with clinical suspicion of SLE were entered into the analysis [43 males and 97 females; mean (SD) age, 45 (20) years]. Depending on the results of the anti-ds-DNA-Ab tests used, 25-35 of these patients were assigned to have SLE as assessed by the criteria of the ACR, whereas 105-115 patients did not fulfill these criteria (Table 1) . Test results for the 10 patients whose definite diagnosis of SLE was dependent on the detection of ds-DNA-Ab are summarized in the table in the Data Supplement that accompanies the online version of this article at http://www. clinchem.org/content/vol50/issue11/. Seventy-four patients fulfilled at least one of the ACR criteria, whereas 31 patients did not meet any of the ACR criteria. Thirty-two of the 35 patients with established SLE according to the ACR criteria received treatment.
The ROC characteristics of all investigated tests are summarized in Table 1 . The Farr RIA, which has been proposed to be the gold standard for ds-DNA-Ab testing, showed the greatest area under the ROC curve in all analyses. However, the other two tests under investigation were able to detect patients with SLE with accuracy similar to that reported for the Farr RIA, although the ORG 604 assay had a slightly greater area under the ROC curve than the EliA in all types of analysis. Statistical comparison of the areas under the ROC curves failed to reveal significant differences among the test results. In line with this finding, there was a high degree of correlation among the test results obtained with the different tests [Pearson correlation coefficient: Farr RIA-EliA, r ϭ 0.934 (P Ͻ0.001); Farr RIA-ORG 604, r ϭ 0.862 (P Ͻ0.001); ORG 604 -EliA, r ϭ 0.771 (P Ͻ0.001)]. In 10 of 35 patients, the diagnosis of SLE was based solely on the presence of ds-DNA-Ab as the fourth ACR criterion; therefore, a fourth ROC analysis was based on the remaining 25 patients with four ACR criteria different from ds-DNAAb. Again, the Farr RIA had the greatest area under the ROC curve without any statistically significant difference among the investigated assays.
When we used the cutoff values provided by the manufacturers, the specificities were as follows: Farr RIA, Clinical Chemistry 50, No. 11, 2004 95%; ORG 604, 71%; EliA, 86%. Although the sensitivities of the Farr RIA (44%) and the EliA assay (51%) were similarly low, the sensitivity for the ORG 604 assay was 74%. On the other hand, the ORG 604 assay detected ds-DNA-Ab in the sera of 29 patients with other autoimmune diseases, although a diagnosis of SLE could not be made. In contrast, false-positive ds-DNA-Ab results were obtained for only 12 and 4 patients with autoimmune diseases other than SLE when their sera were tested with the EliA assay and Farr RIA, respectively. ROC analysis allowed the calculation of "optimal" cutoff values for each analyzed test. These cutoff values were found to be close to the cutoff values given by the manufacturers (data not shown).
Anti-nuclear antibody testing with IFT on Hep-2 cells had a specificity of only 54%, whereas its sensitivity was 91%, thereby outperforming the sensitivities of the solidphase ds-DNA-Ab assays (area under the ROC curve, 0.737; 95% confidence interval, 0.656 -0.808). Accordingly, the correlation between test results obtained with IFT on Hep-2 cells and the ds-DNA-Ab assays was low [Pearson correlation coefficient: IFT-Farr RIA, r ϭ 0.361 (P Ͻ0.001); IFT-EliA, r ϭ 0.318 (P Ͻ0.001); IFT-ORG 604, r ϭ 0.285 (P Ͻ0.001)]. These results did not improve when repeated for anti-nuclear antibodies with a homogeneous staining pattern, which is considered to be the most characteristic fluorescence staining of ds-DNA-Ab (area under the ROC curve, 0.718; 95% confidence interval, 0.636 -0.791). The combination of any two tests for the detection of ds-DNA-Ab did not provide improved diagnostic accuracy (data not shown).
In this study, the Farr RIA emerged as the assay with the greatest diagnostic accuracy in all analyses, although there was no statistically significant difference with respect to the other two tests. However, the Farr RIA has several drawbacks, including the need for radioactive material, a sophisticated technical analysis, and the associated higher costs. Our analysis demonstrates that the other test systems performed comparably to the Farr RIA and, therefore, may represent easier-to-use alternatives for routine practice. In particular, the specificity of the EliA system for the diagnosis of SLE was comparable to that of the Farr RIA, in agreement with the studies of Hernando et al. (8 ) and Villalta et al. (9 ) . The authors of the latter studies proposed the EliA system as a substitute for the Farr RIA, but their recommendations were not based on ROC analysis. In contrast, we found that the ORG 604 assay showed a greater sensitivity than the Farr RIA, but a rather low specificity of 71%.
It should be emphasized that our results can be generalized only with great caution because our sample size was rather small and a substantial number of the patients studied had received active treatment against SLE at the time of serum sampling. Testing for ds-DNA-Ab was performed at a single point of time. Nevertheless, crosssectional comparison of the assays should not be influenced by these limitations. To exclude a potential bias attributable to the inclusion of any ds-DNA-Ab test results in the original SLE diagnosis, we repeated the analysis with each assay taken as the basis for SLE diagnosis. Nevertheless, in each analysis, the percentage of correctly identified patients was rather similar. Therefore, the potential bias attributable to the test design seems to be negligible. Selection bias was excluded by choosing unselected consecutive samples from clinical routine, and observer bias was excluded by blinding the laboratory staff with regard to clinical characteristics and diagnosis of the patients.
In conclusion, our study suggests that modern ELISAs and automated enzyme immunofluorescence assays are possible alternatives to the Farr RIA with similar diagnostic accuracies. a The presence of ds-DNA-Ab determined the diagnosis of SLE in 10 patients, i.e., 10 of 35 patients fulfilled four ACR criteria, including the presence of ds-DNA-Ab. b There was no statistical difference between any of the assays as determined by comparison of the areas under the ROC curves within any of the categories. c CI, confidence interval. The 95% confidence interval indicates whether the area under the ROC curve is significantly different from 0.5, the area under the straight line (sensitivity ϭ 1 Ϫ specificity), which represents no discrimination between normal and abnormal. If the 95% confidence interval is Ͼ0.5, the area under the ROC curve is significantly different (see description of statistical analysis). (1 ) . The primary treatment for early-stage ovarian cancer is surgery, which in theory could be curative in low-risk patients whose disease is limited to the ovaries. The relative importance of prognostic factors such as tumor grade, histologic cell type, and other factors for defining individuals at low risk of recurrence is unknown (2 ) . Cytologic examination of peritoneal fluids forms part of the staging process for ovarian cancer and influences therapeutic interventions (3 ) . It is known that regardless of International Federation of Gynecology and Obstetrics (FIGO) stage, positive peritoneal washing cytology predicts poor prognosis for women with epithelial tumors of the genital tract, except for patients with borderline ovarian tumors (4 ) . Because of the diagnostic pitfalls entailed in the cytologic examination of peritoneal washings (5 ), some additional methods for peritoneal fluid diagnosis have been tested, including flow cytometric DNA analysis (6 ) and a telomerase assay (7, 8 ) .
Analysis of Methylated Genes in Peritoneal Fluids
Changes in the status of DNA methylation, known as epigenetic alterations, are among the most common molecular alterations in human neoplasia (9, 10 ) , including ovarian cancer (11-13 ). Moreover, it is now widely known that methylated DNA can be detected in various body fluids and that the methylation status of some genes can be used for risk assessment of various types of human neoplasia [summarized in Ref. (14 ) ].
This proof-of-principle study aimed to clarify whether it is possible to define a high-risk group of ovarian cancer patients solely by looking at methylation changes in peritoneal fluids collected at the time of primary surgery. Because nothing is known at present about methylation changes in peritoneal fluids of ovarian cancer patients, we designed this study with a restricted number of analyzed genes. The 15 screened genes were chosen for (a) their demonstrated role in regulating cellular adhesion and their possible role in metastasis (TIMP3, CDH1, CDH13, and APC), or (b) their putative role in carcinogenesis (PPP1R13B, HSPA2, HSD17B4, ESR1, GSTP1, CYP1B1, BRCA1, MYOD1, SOCS1, TITF1, and GSTM3). The methylation status of these 15 genes was analyzed in 61 peritoneal fluids (58 ascites and 3 peritoneal washings) from ovarian cancer patients. These specimens were brought to the pathologist immediately after collection during primary surgery. One part of the fluid was routinely analyzed by cytologic examination (Papanicolaou staining). The rest of the fluid was centrifuged at 2000g for 10 min at room temperature, and the supernatant was stored at Ϫ70°C until further analysis. Peritoneal fluids and clinical data were collected with the patients' consent.
Genomic DNA from peritoneal fluid samples was isolated with use of the High Pure Viral Nucleic Acid Kit (Roche Diagnostics) according to the manufacturer's protocol with some modifications for multiple loading of the DNA extraction columns to gain a sufficient amount of DNA (15 ). Sodium bisulfite conversion of genomic DNA and the MethyLight assay were performed as described previously (16 -18 ) . The primers and probes used in this study were published recently (15 ). A gene was deemed positive for methylation if the percentage of fully methylated reference value was Ͼ0.
For further statistical analysis we included 57 peritoneal fluids (55 ascites probes and 2 peritoneal washings) from patients with primary ovarian cancer (4 of the original 61 cases were diagnosed with borderline ovarian tumors and were excluded). All patients were treated and followed up at the Department of Obstetrics and Gynecology, Inns 
